Abstract Massive rotator cuff tendon ruptures are not uncommon in older patients. We propose the transfer of the latissimus dorsi muscle for treatment of irreparable ruptures associated with functional impairment and chronic pain. Five women and 11 men were so treated and reviewed with an average follow-up of 26 months. The mean age was 60 years. Four patients also had subscapularis deficiency. Results were assessed with the Constant score and the Oxford shoulder score. Humeral head position was analysed. Statistical analysis was performed by the Wilcoxon non-parametrical test. The Constant score increased by 24.2% (p=0.001) with all parameters showing improvement. Nine patients showed improved humeral head positioning in internal rotation. Three of four patients with a deficient subscapularis had unfavourable results. Latissimus dorsi transfer for the treatment of irreparable massive rotator cuff tears leads to a substantial clinical improvement. An intact subscapularis tendon is mandatory.
Introduction
A rupture of one of the shoulder rotator cuff tendons (supraspinatus muscle, subscapularis muscle, teres minor muscle, infraspinatus muscle), also called a cuff lesion, is a frequent problem. Epidemiological studies have shown that rotator-cuff lesions increase with age, with a mean 31% prevalence of a partial-or full-thickness tear in patients above 50 years of age, a 50% prevalence above the age of 60 and an increase to an 80% prevalence above 80 years [1, 2] .
Whereas a supraspinatus tendon rupture does not necessarily cause complaints, massive cuff lesions usually do, with chronic pain and severe disability characterised by loss of strength and function [3] .
A massive cuff rupture is a lesion that includes two or more of the rotator cuff tendons [4] and, according to Cofield's definition [5] , is greater than 5 cm in diameter. In most cases, it involves a complete rupture of the supraspinatus and infraspinatus tendons; less frequently the subscapularis and teres minor. An untreated massive cuff lesion leads to pain and loss of function due to cranial migration of the humeral head. The head then articulates with the coraco-acromial arch [6] . These changes can subsequently lead to a progressive deterioration of the joint, the so-called 'cuff rupture arthropathy' [4] , osteoarthritis secondary to a massive cuff rupture.
A thorough, timely treatment of the rotator cuff rupture is therefore necessary and both conservative and surgical approaches have been described. Although conservative treatment may yield positive results [7] , the long-term outcome has been disappointing [8] . Surgical treatment has become increasingly popular [9, 10] . Open [11] as well as arthroscopic techniques [12] have shown good results in the treatment of small to large tears. The final recovery of massive cuff ruptures is not as predictable. Massive cuff lesions are often associated with retraction of the tendomuscular unit and degenerative changes of the cuff muscles such as fatty infiltration and atrophy. The chance of recovery of the cuff's integrity is therefore considerably lower [13] . Furthermore, these muscular changes are irreversible [14] , leading to an 'irreparable massive cuff lesion'.
When repair of the massive cuff lesion is impossible, there are two treatment modalities which have been published over the past two decades: transposition of the surrounding muscles to replace the rotator cuff function and a reversed shoulder arthroplasty. In general, a reverse prosthesis is used in a shoulder with so-called 'cuff tear arthropathy', a massive cuff lesion with osteoarthritis. In case of a massive cuff lesion with an intact joint in a symptomatic patient, a tendon transposition is preferred. Tendon transfers, most frequently described in the literature, are those of the deltoid muscle [15] , the major pectoral muscle [16] , the long head of the triceps [17] and the latissimus dorsi muscle [18] [19] [20] .
The latissimus dorsi muscle is a large muscle, localised along the dorso-lateral side of the trunk. The muscle has four points of origin: the spinous processes of the thoracic vertebrae (T7-T12), the inferior angle of the scapula, the iliac crest and the ninth to twelfth ribs. By its insertion to the proximal humerus shaft, the muscle contributes to internal rotation, retroversion and abduction of the shoulder joint. L'Episcopo [21] originally described the transposition of the dorsal latissimus muscle in children with a congenital brachial plexus lesion. By moving the latissimus dorsi and the insertion of the teres major to the front of the humeral shaft, the internal rotation contracture could be treated. After transposition of the tendon to the greater tuberosity, the function of the muscle changes into an external rotator and a depressor of the shoulder. Depression of the humeral head, allows the deltoid muscle to contribute to the abduction and anteflexion of the shoulder more effectively.
In this study we present the results of a latissimus dorsi transfer, performed in 16 patients with an irreparable massive cuff lesion.
Material and methods

Patient data
Of the 20 patients who underwent a latissimus dorsi transposition between 2001 and 2008, 16 were available for follow-up. Four patients were excluded because they could not be reached or decided not to participate in the study.
The remaining group of patients consisted of five women and 11 men. Standard MRI-imaging was performed preoperatively. All patients were diagnosed with at least a rupture of the infraspinatus and supraspinatus tendon, associated with impaired range of motion and pain ( Fig. 1) . In four patients there was an additional rupture of the subscapularis muscle. In seven patients the ruptures were caused by a trauma, in nine patients no causative factor could be identified. In nine patients a previous open or arthroscopic repair was performed. The mean age at the time of the transposition was 60 years (range 49-71 years).
Surgical procedure
All patients underwent a transposition of the latissimus dorsi as described by Gerber et al. [18] . The patient was positioned in a lateral decubitus position. Using an Sshaped incision in the axilla area, the insertion of the latissimus dorsi is explored and mobilised (Fig. 2) . Subsequently, the tendon is directed between the major teres muscle and the deltoid muscle (Fig. 3) and then, through a separate small mid-deltoid incision, fixed on the footprint of the supraspinatus/infraspinatus area of the greater tuberosity as far anterior as possible. Finally, both wounds are closed in layers and a supporting brace with slight abduction was applied for one week. For a period of six weeks the shoulder was immobilised in a sling after which six weeks of passive physiotherapy was started. From week 12 onwards, active exercises were encouraged.
Evaluation
All patients were examined clinically in the pre and postoperative phases and were evaluated with the Constant score (CS). Postoperatively, there were also assessed with the Oxford shoulder score, a patient oriented questionnaire to determine the level of pain and function in daily life (ADL).
Radiology
At the time of follow-up a radiograph of the operated shoulder was made in addition to clinical examination. This radiograph was compared with the preoperative radiograph to evaluate the change of position of the humeral head in relation to the glenoid and the acromion. The change of position was determined by examining the interrupted arch that normally runs from the glenoid rim to the neck of the humeral head.
Statistical analysis
Statistical analysis of the results was performed by means of the Wilcoxon non-parametric test for paired data. The level of significance of the difference between the pre and postoperative results was set at p<0.05.
Results
All patients were examined postoperatively for a mean follow-up of 26 months (range 7-73 months).
Objective results
The CS showed a mean improvement of 17.8% (p=0.001), from a preoperative 32.5 points to a postoperative 50.3 points. Corrected for age and sex, the relative CS showed an improvement from 39.1% to 63. The level of function in daily life (ADL; sleeping, working and recreation) improved by 27% (p=0.007). The abduction slightly improved from 3.8 to 5.1 points, an increase of 1 kg (p=0.073) ( Table 1) .
Subjective results
In all but one of the patients, the Oxford shoulder score showed improvement in the domain of pain and function in Fig. 3 Between the long head of the triceps muscle and the deltoid muscle, the latissimus dorsi muscle is being led towards the shoulder incision 
Radiology
Pre and postoperative radiographs of 14 patients were available for analysis of the humerus head position. Only if internally rotated, nine patients showed a postoperatively improved glenohumeral orientation; in five patients the cranial migration of the humerus head was unchanged in every position (Fig. 4) . Two patients showed minimal improvement in the CS and in one patient the score deteriorated. They were revised with implantation of a reversed prosthesis. Two of them had a preoperative rupture of the subscapularis tendon. The remaining two patients with a rupture of the subscapularis tendon had moderate function but considered the clinical situation acceptable because of the lack of pain.
One patient developed a postoperative infection that was treated with drainage and antibiotics. This patient had a moderate CS (48), but refused further treatment. There were no other complications.
Discussion
A massive cuff lesion is not an uncommon condition affecting the shoulder and is associated with persistent pain and loss of function and strength. When conservative treatment fails, surgical intervention seems to be the most appropriate method of treatment. Because of retraction and irreversible degeneration of the musculo-tenindenous units, re-insertion of the torn tendons is usually not possible. In these cases transposition of the latissimus dorsi muscle can lead to satisfactory results [22] [23] [24] . The transfer initially described by Gerber et al. is the most widely used technique. Single incision techniques have recently been proposed as a sensible alternative with similar results [25] .
In our series, transposition by the method of Gerber et al. resulted in an improvement of the mean relative Constant score from 39.1% to 63.3%, an improvement of 24.2%. This result is similar to the largest study to date, the study of Gerber et al. [22] , who showed a Constant score improvement of 18%. All but one, of our patients showed improvement, both in the Constant scores and in the Oxford shoulder scores.
The separate parameters all showed improvement. The largest improvements were obtained in shoulder abduction and anteflexion and in the decrease of pain. Both ranges showed an increase of more than 25 degrees (Fig. 5) and the pain was reduced by 38%. These results were comparable to the data of Gerber et al. [22] who showed a pain decrease of 40%.
The transferred latissimus dorsi is supposed to act as a new effective depressor in restricting the cranial migration of the humeral head. However, postoperative X-rays showed minimal or no depression, especially in the neutral or external rotated position. With internal rotation, nine out of 14 patients showed slightly improved positioning of the humeral head in relation to the glenoid. NoveJosserand et al. [26] , expecting a tenodesis effect, discussed a similar hypothesis and had the same position-dependent results. It is believed that internal rotation causes an improved tension of the transferred tendon over the humeral head, which could result in a minimal humeral head depression. Five patients showed a persisting cranial migration in every position. Three of them underwent revision. Other studies showed similar results. Gerber et al. [22] did not see a humeral head depression postoperatively. Aoki et al. [23] showed a persisting cranial migration in half of his cases.
With respect to abduction strength, hardly any improvement was noticed. An absolute increase of 1 kg (5.5 %), similar to Aoki et al., was seen. Patients noticed that the increase of strength, particularly in overhead activities, remained modest. The inferior gain in strength can be attributed to the inability of the latissimus dorsi to centre the head in the joint as the cuff muscles do, with a resulting inability of the deltoid muscle to regain the pre-existent strength. Patients had been informed about this risk preoperatively. For most patients, this was not considered a problem. An important finding was that daily activities such as shopping or carrying a tray could be performed with decreased or no pain.
Nine patients underwent the transfer as a revision procedure after failed cuff repair. Warner and Parsons found the results to be not as good when the latissimus dorsi transfer was performed in patients who had previous surgery on the rotator cuff and related this to deltoid deficiency [24] . Gerber et al. found nearly comparable results in pain relief and function improvement but also had an inferior outcome after revision [22] . We found little difference in outcome between the revision and primary group (relative CS improvement of 23.88% vs. 24.47%). However, our primary group was relatively small (six patients) and was complicated by different factors (one postoperative infection, two subscapularis tears, two had a history of 'non-cuff repair' shoulder surgery).
Out of four patients with a subscapularis rupture, two underwent revision. One patient with a low score (CS 24) refused re-intervention. Aoki et al., as well as Gerber et al., noted that loss of the subscapularis had a negative effect on the final result due to the prominent role of the subscapularis tendon in positioning of the humeral head in the horizontal and vertical planes. In our study this was confirmed in three out of four patients with a subscapularis rupture. All these patients were operated upon in the early phase of our study, where the relative contraindication for the latissimus dorsi transfer in this group of patients was not yet well known. An intervention that could be considered in cases of simultaneous rupture of the subscapularis is transposition of the pectoralis major muscle.
Exclusion of these four patients resulted in a mean postoperative relative CS of 69.52%.
In conclusion, a latissimus dorsi transposition leads to acceptable results with a low number of complications in patients with irreparable massive cuff lesion. In most patients this procedure leads to a functional improvement of the shoulder with a reduction of pain. The increase of strength is not significant and the patient should be preoperatively informed about this lack of improvement. As has been shown in other studies, transposition usually does not lead to a normal position of the humeral head. An intact subscapular muscle is a prerequisite for this operation.
